ABSTRACT: Injection molding simulation of mounting panel of automobile air conditioner housing was carried out with Moldflow software. Aiming at the warpage and sink mark existing in forming process, orthogonal experiment was designed by using Taguchi method to analyze the influence of main process parameters on warping deformation and sink mark depth, and the optimal combination of process parameters in injection molding was obtained.
INTRODUCTION
Injection molding is a multi-variable and nonlinear complex process with liquid flow forming. Generally speaking, when the injection machines, materials, molds, etc. are determined, a reasonable setting of injection molding parameters has a direct impact on the quality of injection products. Warpage and sink mark are the common quality defects of injection product, and the causes of defects are closely related to the shape and thickness of products, the injection pressure in molding process, injection time, gate form, flow direction, cooling rate, mold temperature and other factors. The nonlinear characteristic among the parameters makes the process parameters optimization of reducing warping deformation and sink mark depth difficult and time-consuming. Besides, the influence of process parameters changes with the characteristics of plastic material, structural characteristics of mold, the product structure, etc [2] [3] [4] [5] . In this paper, the injection molding process of mounting panel of automobile air conditioner housing was studied, and the simulation analysis of injection process was carried out with Moldflow software. Taking warping deformation and sink mark depth as the optimization objective, with melt temperature, molding period time and cooling medium as the main variables, orthogonal experiment was designed by using Taguchi method to analyze the influence of main process parameters on warping deformation and sink mark depth, and the optimal combination of process parameters in injection molding was obtained in order to optimize the process, improve the quality of plastic parts and reduce the cost of production.
PREPROCESS OF MOLDFLOW SIMULATION

Modeling
The three-dimensional model of mounting plate of automobile air conditioner housing is as shown in figure 1 . The size is 275mm×42mm×30mm and the part has uniform thickness of 1mm. The mesh generation was conducted by using Moldflow software. The fusion double-deck grid with length of 3mm was used and the chord height was controlled. There were 16806 grid cells and the grid aspect ratio was controlled to be less than 3. The mesh model is as shown in Figure 2 . The cavity layout with one mold and two cavities was adopted and the feed was carried at the rectangular side gate. The cooling channels dimension D=10mm and the number of holes for the cooling water pipe was 3. Figure 2 shows the cooling system. 
Simulation material
For the automobile plastic part, better stiffness and strength are required. Based on actual production experience, ABS with 10% rubber was adopted. During injection process, the injection pressure was in the range of 100~140MPa, the mold temperature was in the range of 20~40°C, the melt temperature was in the range of 140~240°C, and the molding period time was in the range of 24~36s. The material properties are as shown in Table 1 . Table 1 . Performance of ABS (10% rubber).
EXPERIMENT DESIGN AND ANALYSIS OPTIMIZATION
Taguchi orthogonal experiment design
Taguchi method focuses on minimizing process variation or makes the product and process less sensitive to the environmental variation. This method is an efficient way which could stabilize and optimize operations under the changeable environment. This method selects appropriate orthogonal table according to the number of the level factors, and its optimization objective can be both product quality and the production process. It can be used to determine the influence level of the interference factors [1, [5] [6] [7] [8] 10] . The mounting panel of automobile air conditioner housing is the flat-plate part which may cause the warping defect. There is an assembly relationship between XY plane and air conditioner housing, so if it exceeds the assembly tolerance range, the part assembly will be affected. In addition, it is necessary to take into account the strength for this part, as it will be used for autos, and the sink marks will reduce its strength, therefore, the warping deformation and sink mark depth were regarded as the optimization objectives in this paper.
According to the research of scholars both at home and abroad [2] [3] [4] [5] [6] [7] 9, 10] , the following factors have greater influence on the warping deformation and sink mark depth: melt temperature, molding period time, holding pressure and cooling medium. In Moldflow, the molding period time means the injection time + holding time + cooling time. This paper selected three main factors as the experiment factors: melt temperature, molding period time and cooling medium, to analyze the influence of main process parameters on the warping deformation and sink mark depth, and the optimal combination of process parameters in injection molding was obtained.
In the simulation, each factor had three levels. where the melt temperature were 200°C, 220°C and 240°C, the molding period time were 24s, 30s and 36s, and the cooling medium were 8000,10000 and 12000.
In this experiment, the influence of three factors and three levels on the injection molding of the part was taken into consideration, aiming to find out the process parameter which has the greatest influence on the warping deformation and sink mark depth. Besides, those parameters were sorted according to the influence extent to get the best combination.
According to Taguchi Method, L 9 (3 3 ) orthogonal table was used to design the experiment, as shown in Table 2 . conditions. In accordance with the arrangement of orthogonal array, the experiment only needed to be conducted for 9 times. The orthogonal experiment has a equalizing sampling Within the range of experiment factors variation. The strong representation and the orthogonal table with balanced dispersion characteristics ensure the requirements of comprehensive experiments. Therefore, all these experiments can better achieve the experiment objective.
Result analysis and optimization
In Moldflow simulation experiment, Taguchi method could provide variable information about the results of the analysis and list the influence percentage of each quality standard and variable in the analysis log. The experiment results were the average amount of warping in the Z-direction and the maximum value of the sink mark depth, as shown in Table 3 . Taguchi method adopts S/N ratio to evaluate the weight of the influence of process parameters in order to measure the injection products quality. The S/N was calculated by the following formula [1, 5, 8] :
In the formula, Yi was the end value of warping deformation and sink mark depth, n was the number of levels of experiment factors, namely, n = 3. S/N was regarded as the standard to select the control factors and it was calculated based on each group experiment data in table 3. Using the maximum value of S/N of each factor minus the minimum value made table 4 (the response table of S/N ratio) and analyzed the factor effect of each factor. Table 4 indicates that the influence of three factors on the warping deformation in descending order is B>A>C. The molding period time has the greatest experiment influence, followed by the melt temperature and the cooling medium. The optimal combination of parameters is A 1 B 2 C 2 . The influence of three factors on the sink mark depth in descending order is A>B>C. The melt temperature has the greatest experiment influence, followed by the molding period time and the cooling medium. The optimal combination of parameters is A 2 B 2 C 2.
Simulation for these two combinations was conducted to get the value of warping deformation and sink mark depth. For the warping deformation, were 1.64mm and 1.58mm, respectively. For the sink mark depth, were 0.033mm and 0.037mm, respectively. Finally, focusing on the warping deformation, the best combination was A 2 B 2 C 2 .
Verification of optimization
Simulation was conducted according to the best combination of A 2 B 2 C 2 , and the simulation result is as shown in Figure 3 . Result shows that the minimum of warping deformation and sink mark depth is obtained and indicates that the optimization result is correct and the effect is good. 
CONCLUSIONS
With Moldflow as the virtual experiment platform, Taguchi method was used to design the orthogonal experiment. Aiming at the warpage and sink mark existing in forming process, the main process parameters were optimized and analyzed. The main conclusions were as follows: 1) In the three injection molding process parameters, the molding period time had the greatest experiment influence on the warping deformation, and the melt temperature had the greatest experiment influence on the sink mark depth. The proper extension of the molding period time and the increase of the melt temperature could reduce the defects of warpage and sink mark, and improve the quality of the plastic parts.
2) The best combination of injection molding process parameters contained the melt temperature of 220 , molding period time (injection time + holding time + cooling time) of 30s and cooling medium (specified Reynolds coefficient) of 10000.
3) The finite element numerical simulation technology can use virtual test instead of real tryout verification, which reduces the cost of mold trial and shortens the development cycle. In addition, with the orthogonal experiment method, the blindness of trial and error can be reduced in a certain extent, and the optimal combination of relevant parameters can be obtained in the experimental range with fewer experiments. The result shows that the optimization is correct and the effect is good, which has guiding significance for the optimization of process parameters in injection molding of similar plastic products.
